PLATES 6 9 TO 73.
Van Egmond (I), Eyster and Meek (2) , and Einthoven and Wieringa (3) have recently published observations on certain arhythmias which occurred in dogs after the intravenous injection of morphin. Einthoven and Wieringa showed that the alteration in the heart's action, due to the injection, depended on the fact that morphin stimulated the cardio-inhibitory center. But the resulting arhythmias were not uniform and they believed that the inconstant results arose because t h e drug sometimes selected one and sometimes another set of nerve fiber bundles for its predominant effect ("ungleichartige Vaguswirkung"). It seemed to the author that some of their curves resembled certain ones of his, obtained when the right vagus nerve was stimulated (4) , and that others resembled those seen after stimulation of the left one, the other nerve in each case being cut. For that reason it occurred to him that morphin must have exerted its influence on the right or on the left cardio-inhibitory center in turn, or on both together; in the one case producing simple results easy to classify according to the center temporarily stimulated, or confused results when both centers were stimulated equally. It seemed natural to suppose if only one center, the right, for example, were stimulated, that the resulting arhythmia would have the same characteristics as that which was obtained on faradizing the right vagus nerve, when the left one was divided. In order to test this hypothesis, dogs, which had only one vagus nerve, were injected with morphin. In this way the stimulated center communicated with the heart by one nerve tract only. 1 METHOD AND RESULTS.
In the present series of experiments, the plan consisted in excising one vagus nerve aseptically and then in testing the effect on the heart's mechanism of stimulating doses of morphin injected intra-
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venously. The similarity between the experimental conditions in the earlier and in the present series of experiments lies in the fact that in both one vagus nerve was stimulated (peripherally by a faradie current in the earlier, or centrally with morphin in the present series), and the other was divided. The study consisted, therefore, in a comparison of the curves resulting from morphin injections in the one vagus dog with those obtained by faradizing one vagus nerve.
Twenty dogs were studied in this series. The injections did not always result in that change in mechanism of the heart which has been described as characteristic of the result of injecting morphin (Nos. 683, 685, and 7oo) . In these the rate was only slowed. Before an arhythmia characteristic of the group to which the dog belonged was observed, two (Nos. 686, 688, 699, 7o3, 7o5, and 715) or three (Nos. 7o6 and 721) experiments on different days were necessary. In seven experiments (697, 698, 7o2, 7o4, 718, 719 , and 72o) the mechanism was altered on the first injection. Part of the left vagus nerve was removed aseptically in ten, while in eight others a portion of the right nerve was excised. The dogs will be referred to according to the nerve which was left in place. The effect of freezing the nerves in two other dogs will be described. Except for the two last mentioned, all the dogs studied remained alive.
In nine experiments (Nos. 7o3, 7o4, 7o5, 7o6, 715, 718, 719, 72o , and 721) morphin was injected, and characteristic morphin arhythmias occurred before excision of the vagus nerve. When the arhythmia had set in, operation for the removal of the right (Nos. 7o6, 715, and 721) or of 'the left vagus nerve (Nos. 7o3, 7o4, 7o5, 718, 719, and 72o) was begun. In the dogs not enumerated here, the operations were performed before the injections were made. The dogs we.re anesthetized with ether and a skin incision was made. Eyster and Meek state that anesthesia suffices to abolish the arhythmia once it has been produced. We have seen several instances where this occurred, especially in a dog which stopped breathing and in which rather violent artificial respiration was practised. When he was restored, the arhythmia had disappeared. In other dogs morphin arhythmia disappeared only after Alfred E. Cohn. 717 further interference, such as incision, manipulation of the tissues in the neck, or excision of a portion of one of the vagus nerves. In another dog (No. 715) a true arhythmia did not appear until the anesthesia was begun. It is probable, therefore, that anesthesia alone does not always inhibit the stimuli from the vagus centers, but that manipulation or operative procedures usually suffice to do so. The facts suggest the presence of an antagonism between the cardioinhibitory stimulant (morphin) and the stimuli reaching the cardioinhibitory center from the periphery. At the time of operation the latter outweigh and destroy the former. That the explanation offered is possible follows from observations made in six of the dogs (Nos. 702, 704, 705, 718, 719, and 72o) , in which the arhythmia produced by morphin disappeared after the beginning of the operation, but reappeared spontaneously, without the injection of any more morphin, at short intervals after the termination of the operations. In the four other dogs (Nos. 703, 706, 715 , and 72I) the arhythmia which was produced disappeared during the operation, but morphin injections on subsequent days resulted in arhythmias. The nature of the arhythmia, whether obtained directly after the operation or on an occasion subsequent to the operation, often differed from that obtained before the excision of one or the other of the vagus nerves. The difference in the arhythmia seen before operation and that observed afterward was especially striking in several dogs. Before operation, morphin injection caused a rhythm more or less characteristic of that seen in dogs having only one vagus nerve. After the excision of part of that nerve a rhythm typical of dogs retaining the opposite vagus nerve appeared.
The varieties of arhythmia which can be obtained by injecting morphin intravenously in dogs and before one of the vagus nerves has been removed have been described by Einthoven and Wieringa and by Eyster and Meek. Most of 'them have been seen in the course of the present series of experiments. After the excision of one vagus nerve, the confused and inconsistent results are not again seen. In all the experiments except three (Nos. 683, 685, and 7oo) which showed only sinus irregularity, arhythmias were obtained which could readily be classified as due to the influence exerted by one or the other vagus nerve. In one group the auricles continued
to beat at a moderately reduced rate and the ventricles followed them in sequence, but the interval between them (P-R time) was irregular, usually prolonged, the prolongation increasing as it does in digitalis poisoning. Occasionally and sometimes frequently, auricular contractions occurred which were not followed by contractions of the ventricles, and then a condition of partial auriculoventricular block (2:I or 3:I) appeared (No. 720). The ventrieular complexes resembled the normal controls. In two experiments (Nos. 7o2 and 703) the aurichlar rate was reduced and the conduction time much prolonged. At times it was so prolonged that the ventricles seemed not to receive the impulses resulting from auricular contractions, and therefore developed an independent rhythm. The arhythmia was one of temporary complete auriculoventricular dissociation, due to a defect in conduction rather than to the reduction in rate. Forms of arhythmia of the varieties described occurred in left vagus dogs only. They are therefore taken to be characteristic of left vagus dogs (table I) .
In the second group the rate of the auricular contractions decreased distinctly. When the full effect of morphin was established the rate of auricular contractions decreased further. During this period efforts to establish an independent rhythm were constantly made by an ectopic ventricular focus. At the end of ten to twenty minutes, the auricular rate was exceedingly slow and an idioventricular rhythm was present. There was usually only a moderate or no defect in conduction, for when an auricular contraction occurred in that part of the cardiac cycle in which a ventricular response was possible, the ventricles responded after a normal interval and were represented by complexes shaped like those in the control curves. That the normal conduction time under these circumstances was not due to temporary freedom from fatigue is shown in curves where groups of escaped auricular contractions followed by ventricular beats did not show increasing conduction time in the successive cycles (Nos. 688 and 715). That no serious defect in conduction existed was also indicated by the fact that auricular contractions, the result of retrograde stimuli 2 from the independently A paper by Cohn and Fraser dealing with so called retrograde stimuli MII appear in a forthcoming number of Heart. beating ventricles, occurred (Nos. 688 and 698) after conduction intervals, the duration of which was within normal limits. This rhythm consists, therefore, in a slow auricular rate, independent ventricular contractions at a more rapid rate, and normal conduction time. This form of irregularity occurred in right vagus dogs only. It is taken to be characteristic of right vagus dogs.
When no change in the mechanism of the heart occurred (Nos. 683, 685, and 7oo), the rate was much reduced. The rhythm of the slow rate was not regular, but consisted in successions of cycles very long in duration followed by groups relatively much shorter. This rhythm has been described by Eyster and Meek. When they obtained it, they attempted to convert it into the cardiac arhythmia considered characteristic of morphin intoxication by Einthoven hy injecting atropin subcutaneously. They found that between the time of injection and the establishment of the full atropin effect, there was a brief period during which an arhythmia was detected, and this rhythm they included among those produced by morphin. Atropin used in this way was employed in two instances (Nos. 683 and 685) in the present series, one a left and the other a right vagus dog. The resulting mechanism was identical in both. It consisted in incomplete auriculoventricular dissociation, similar to that shown in the curve in Eyster and Meek's paper. In view of the fact that differences were regularly found, with the exceptions noted, between right and left vagus dogs, when morphin alone caused an arhythmia, the method was abandoned. The use of atropin seemed ill advised also, because the site of action in the organism of the two drugs differs, morphin acting centrally and atropin peripherally. It seemed unlikely that the gradual paralysis of the vagus ends could yield fuller information regarding the results of stimulating the vagus center than had been obtained by injecting morphin alone. No attempt is made to explain theslow rhythm which Eyster and Meek and the present writer obtained. They have provided an explanation, based on the occurrence of sino-auricular blocks, which is not entirely satisfactory. This rhythm will be referred to as a sinus irregularity.
There were, as has been said, two experiments in which the vagl were not divided, but in which the impulses from the vagus centers to the heart were blocked by freezing the nerves with ethyl chloride. The results of these experiments (Nos. 7oi and 7o2) are given in detail here. The first is without interest because morphin was injected after the beginning of the operation and after both nerves were exposed, and because no effect was produced on the heart's rhythm. The second dog (No. 702) (figures I to 3) weighed 6. 5 kilos. Morphin sulphate, twenty-four milligrams, was injected and a characteristic morphin arhythmia resulted resembling that due to stimulating the right vagus nerve (figure 2). Ether was given during the operation. Both vagus nerves were dissected and exposed and secured by strings placed about each, so that they could be elevated above the surrounding parts. Five minutes after the beginning of anesthesia, a curve was taken and demonstrated the continuance of a morphin arhythmia. But a curve taken directly after the conclusion of the dissection showed a normal rhythm. Three minutes later the morphin arhythmia returned. The right vagus nerve was elevated by its loop and a curve then made showed that the morphin rhythm was present. The right vagus nerve was then frozen and the morphin arhythmia disappeared entirely. After a lapse of three minutes, an arhythmia reappeared, but the rhythm had now changed from the one which had been present before freezing the right vagus nerve to one characteristic of stimulating the left vagus nerve (figure 3)-Three curves were made showing this rhythm and, seventeen minutes later, the left vagus nerve was elevated, as the right vagus had been, above the surrounding tissues. A curve now made showed that the left vagus rhythm was still present. The left vagus nerve was then frozen. The morphin effect immediately disappeared. It did not return, for curves were made at intervals for the next six hours and again on the following day. It will be seen that morphin produced a disordered rhythm in this dog which was not destroyed by anesthesia, but which disappeared later in the operation; that the disordered rhythm reappeared soon after the end of the operation; that freezing the right vagus produced an arhythmia characteristic of those seen in left vagus dogs; and that freezing the left nerve destroyed this arhythmia entirely. Freezing, therefore, produced an effect like section of the nerve, and subsequent thawing was not, as cooling usually is, 721 followed by a return of function in the nerve.
The non-return to function of the nerves as a result of freezing was not anticipated, Jan. IO, 1913 . Weight 9.5 kilos. The rate of the heart was 191.3 per minute, the conduction time was o.I of a second. There was a slight sinus arhythmia. Morphin sulphate, 64 mg., was injected into an ear vein. In I minute the rate was 165 and the conduction time o.18 of a second. In 16 minutes the rate was 161.1 and the conduction time was o.I second. The sinus arhythmia was slight. In 90 minutes no change in rate or rhythm had taken place, so morphin, 30 mg., was again injected. In 126 minutes (36 minutes after the second injection) the rate was lO6.3 and the conduction time o.12 of a second. The sequence of auricular and ventrlcular systoles remained normal, but a marked arhythmla took place. This consisted in a group of rapid, followed by a group of slower cycles. It is this rhythm which is described as a sinus irregularity. Morphin sulphate, 72 mg., was injected a third time 132 minutes after the first injection. The rate at first rose to 2oo, the conduction time being o.II second, but fell gradually until 7 hours after the first injection the rate was 66.3 and the conduction time o.II to o.12 of a second. The next morning the rate was 127.2 and the conduction time o.II of a second. Feb. 13, 1913 . Second experiment. Morphin sulphate, 24 mg., was injected and produced an arhythmia similar to that of the former experiment. Atropin sulphate, 1.2 mg., was then injected subcutaneously. Increase in rate gradually took place. In 12 minutes incomplete dissociation occurred at a ratio of 2: I, but was seen for 2 or 3 minutes only. This rhythm was associated with lengthened conduction time, which persisted a short time (2 or 3 minutes). In 18 minutes after atropin was injected, the heart was released from inhibition.
Summary.--In this dog morphin produced a slow sinus irregularity, except that just after the first injection the conduction time was much increased. During the release by atropin from increased inhibition due to morphin, a 2: I rhythm and lengthened conduction time were observed. Jan. 21, 1913 . Weight 6 kilos. The heart rate was 266.i and the conduction time o.o9 of a second. Morphin sulphate, 24 rag., was injected intravenously. In 95 minutes the rate, after falling gradually, was 60.4 and the conduction time varied from 0.09 to o.n of a second. There was a sinus irregularity.
Feb. 13. Second experiment. The rate was 161 and the conduction time o.I of a second. Morphin sulphate, 24 rag., was injected and in 20 minutes the rate had fallen to 5o.I, the conduction time remaining unchanged. At this time ectopic contractions, arising in the wall of the left ventricle, began to appear. They occurred after a delay and were not premature as are extrasystoles (premature heats). They forestalled the delayed auricular contractions when these occurred after an unusually prolonged interval. The auricular rate became constantly slower, and the auricular contractions occurred as single beats or in groups of two or three at long intervals. In 35 minutes the rate of the auricular beats was 32.3 (figure 5). When they were followed by normal ventricular systoles, the conduction time was normal. The ventrleular rate, counting both normal and ectopic beats, was 48.1. Morphin, 24 rag., was now injected, and the arhythmia disappeared promptly.
Summary.--The first morphin injection resulted merely in a slow sinus irregularity. But the second injection caused a slowing of auricular contractions so great that the opportunity for an independent ventricular rhythm was afforded. The injection of more morphin destroyed the arhythmia which had been produced. Einthoven and Wieringa have described this phenomenon. The arhythmia which was produced is held to be characteristic for that produced by morphin in right vagus dogs.
Experiment 688.--Right vagus dog; female.
Nov. 7, 1912 . I cm. of the left vagus nerve was excised by Dr. Robinson. Jan. 9, 1913. Weight 8.4 kilos. The heart rate was 168.7 and the conduction time 0.09 of a second. Morphin sulphate, 48 mg., was injected intravenously. There was a temporary increase in rate, but none in conduction time. In 30 minutes the rate was 97.5 and the conduction time o.I of a second. In 56 minutes the rate was 72.4 and the conduction time o.I to o.n of a second. In 59 minutes the rate was 62 and the conduction time o.n to o.13 of a second. A few ectopic contractions arose in the wall of the left ventricle. These were not premature, but occurred during a long auricular pause. There was marked sinus irregularity. In 70 minutes the auricular rate had fallen to 49 and many contractions arising in the wall of the left ventricle were seen (figure 6). The A~red E. Cohn. 723 complexes which represent these show varying relations to the auricular (P) waves. In 144 minutes the auricular rate, in so far as it could be determined, was between 2o and 4o a minute, while the ventricular rate was 72. The calculation of the ventricular rate included both the usual complexes and also the atypical left ventricular ones. The rhythm was made of successions of two or three cycles followed usually by three atypical ones. The conduction time in the normal ones was O.li to o.12 of a second; the atypical beats were dissociated from the auricular contractions.
Feb. 14, 1913. Weight 7.2 kilos. The rate was 127.2 and the conduction :time O.ll to o.12 of a second ( figure 7 ). An injection of morphin, 32 rag., was given in an ear vein. The conduction time was not increased. In 6 minutes the rate had fallen to 68.4, but the conduction time remained o.I1 of a second. Independent atypical (left ventricular) contractions, like those in the former experiment, began to appear. These, as were almost all of the independent left ventricular contractions in this case, were followed by auricular contractions after an interval of o.14 to o.16 of a second. The complex representing these auricular beats was inverted. They were due to retrograde stimuli from the ventricles. In 22 minutes the auricular rate had fallen to II a minute (figures 8 and 9). The circulation was maintained by independent left ventricular contractions at a rate of 55.7. In 35 minutes the auricular rate was 6 and the ventricular rate 53.3. This rhythm remained unchanged for 83 minutes after the injection, when the ventricular rate was 52.8 and no auricular contractions could be demonstrated.
Discusslon.--The calculation of the auricular rate given in this experiment is made on several grounds. A comparison of the undeformed left ventricular complexes with those that are deformed leads to the conviction that the negative waves inserted between R and T are P waves, and follow the R waves at definite intervals. There can be little doubt that they are stimulated by the ventricular eontractions which immediately precede them. Being dependent on the ventricles, they are not included in estimating the independent auricular rate. The other P waves in these curves are positive and when they occur (figure 8) are usually followed by ventricular Complexes of normal outline after a normal interval (o.13 of a second). The P waves which are followed by normal ventricular complexes occur within a definite period of ventricular diastole. When they fall outside this period, they do not influence the rhythm of the independently beating ventricles, and are readily identified (figure 8).
Summary.--In this dog morphin caused a great reduction in the auricular rate. It was so slow that from the viewpoint of the mechanism of the heart, the auricles may be regarded to have ceased to beat. The ventricles developed an independent rhythm. The auriculoventricular conduction time remained normal. There were retrograde auricular systoles. The arhythmia was characteristic of those produced when the right vagus nerve is stimulated.
Experiment 697.--Right vagus dog; male. Jan. 6, 1913. I cm. of the left vagus nerve was excised. Feb. 14, 1913. Weight 7.5 kilos. The heart rate was 135.5 and the conduction time o.I to o.II of a second. Morphin sulphate, 32 mg., was injected into an ear vein. The rate did not rise, nor did the conduction time change. In 34 minutes the rate of the auricular contractions fell to 53-3 a minute. There was great irregularity of the rhythm of the auricles. Many of the auricular beats, especially those occurring at periods of greater frequency, were followed by normal ventricular contractions. But independent contractions arose in the walls of the left ventricles, either singly or in pairs. Their rate was 58.86. In 48 minutes a second injection of morphin, 16 nag., was given to slow the auricular rate more. In 76 minutes (28 minutes after the second injection), this was reduced to 41.52 and the ventricular rate was 57.3. The nature of the rhythm was unchanged and the conduction time remained 0.09 to o.I of a second.
Summary.--Morphin decreased the auricular rate. Independent ventricular beats occurred. The rate of the ventricular beats was faster than the slowed auricular rate. The nature of the rhythm was similar to that in dog 688. The arhythmia was characteristic of those produced when the right vagus nerve is stimulated.
Experiment 698.--Right vagus dog; male.
Jan. 6, 1913. I cm. of the left vagus nerve was excised. Jan. 24, 1913. Weight 6.6 kilos. The heart rate was 95.9 and the conduction time o.I2 of a second (figure IO). Morphin sulphate, 24 rag., was injected intravenously. In I~ minutes the auricular rate was 30, the conduction time remained o.12. Many contractions arose in the wall of the left ventricle, beating in complete dissociation from the auricles. A few ventricular beats were followed by retrograde auricular contractions. The nature of the undeformed ventricular complexes (figure ii) was established by studying the relations of the independent P waves to these. In 5 minutes the auricular rate was 12 and the independent ventricular rate was 65. There were no sequential ventricular beats. The auricular beats were all independent, and no auricular beats due to retrograde stimuli from the ventricles were identified. For 39 minutes no auricular contractions (figure 12) were demonstrable in the seven curves made at about this time. The ventricular rate varied from 64.6 to 61.8. In 44 minutes independent auricular waves were again observed ( figure I3 ), but the P waves were now negative. The relation of these to the ventricular complexes also serves to show that the latter are not deformed by auricular or other unidentified deflections. In 57 minutes the auricular rate was 50 and the ventricular 60.09. Recovery with the reappearance of normal cycles then occurred, the conduction time at first being o.18 of a second.
Summary.--Morphin injection caused slowing, possibly stoppage, of the auricles; and an independent ventricular rhythm at the rate of 60 to 65 appeared. On recovery, negative P waves were observed. The conduction time was lengthened at first. The arhythmia was characteristic of those produced when the right vagus nerve is stimulated.
Experiment 699.--Left vagus dog; male. Jan. 7, 1913 . I cm. of the right vagus nerve was excised.
Jan. 14, 1913. Weight 8.5 kilos. The heart rate was 151.4 and the conduction time was o.I of a second. Morphin sulphate, 32 rag., was injected and the rate rose in 2 minutes to I92.3, and the conduction time fell to 0.09 of a second. In 7 minutes the rate fell to 60, the conduction time rose to between o.14 and o.16 of a second, and an occasional auricular contraction was blocked, resulting in a 2: I rhythm. A record of one such blocked portion was obtained. Sinus irregularity was present. Long conduction time, o.12 to o.16, was observed for about 35 minutes. In 42 minutes the rate was rising, 81.2, and the conduction time falling. A second injection of 48 rag. and a third one of 80 mg. produced no increase in the degree of arhythmia.
Jan. 27, I913. Second experiment. The rate was I56.8 and the conduction time 0.09 to o.I of a second. Morphin sulphate, 24 rag., was injected. In I minute the rate was I88.4 and the conduction time o.o9 of a second. In 13 minutes the rate was 62.3 and the conduction time rose, and varied between o.I 3 and o.I6 of a second. An auricular contraction was blocked. The lowest rate noted occurred in I9 minutes and was 55.8; the conduction time was o.I3 to o.I8 of a second. There was blocking of auricular contractions. A progressive increase in the conduction time, followed by a blocked auricular wave, often seen in digitalis intoxication, was not seen. It happened occasionally that a blocked auricular systole was followed by a long delayed auricular beat. A premature ventricular beat, arising in the right ventricle, forestalled this contraction. A second injection of morphin, 24 mg., caused no increase in the degree of arhythmia.
Summary.--Morphin slowed the lleart rate, increased the conduction time, and produced incomplete heart block in each of two experiments. Increasing the quantity of morphin did not increase the degree of effect. The arhythmia was characteristic of those produced when the left vagus is stimulated.
Experiment 7oo.--Left vagus dog; male.
Jan. 7, 1913 . I era. of the right vagus nerve was excised. Jan. 16. First experiment. The dog weighed 6.4 kilos. The heart rate was 95.7 and the conduction time was o.II to o.12 of a second. Morphin sulphate, i9.2 rag., was injected and in I minute the rate rose to 2o6.I and the conduction time fell to 0.07 of a second. In 18 minutes the rate fell to 91.4 and the conduction time was o.I of a second. In 59 minutes the rate was 97.2 and the conduction time o.i1. l~orphin sulphate, 20 rag., was injected again. The rate rose to 204.5 and the conduction time fell to 0,07 of a second. Only a sinus irregularity was produced.
Jan. 28. Second experiment. The weight of the dog was 6.2 kilos. The heart rate was 208.9 and the conduction time 0.08 to 0.o9 of a second. Morphin sulphate, 24 rag., was injected. Directly afterwards, the rate rose to 278.5 and the conduction time fell to o.o7 of a second. In 2o minutes the rate was I96 and the conduction time o.o7 to 0.o8. A second injection of morphin, I6o mg., was given and the rate rose to 215 and the conduction time to o.I. In 83 minutes the rate had risen further to 231.2 , while the conduction time had fallen to o.o7 of a second. An intravenous injection of atropin sulphate, 1.8 mg., raised the rate to 260. The conduction time remained unchanged. In I69 minutes (95 minutes after the injection of atropin) the rate was 200 and the conduction time 0.08.
Feb. I7. Third experiment. The rate was 247.2 and the conduction time was 0.07 to o.o9 of a second. Morphin sulphate, 4o mg., was injected. In I minute the rate rose to 253 and the conduction time fell to 0.o6 of a second. In 98 minutes the rate fell to 93.5 and the conduction time was again o.o7 to 0.08.
Summary.--Morphin produced a slowing of the heart and a sinus irregularity. Three attempts failed to produce a change in the relation of auricula~ and ventricular contractions. (2 cm.) of the right vagus nerve was excised. After excision, the rate was 151. 9 and the conduction time o.08 of a second. After the anesthesia the rate was 2o2.6 and the conduction time 0.08 of a second. Morphin sulphate, 16 rag., was injected. In 25 minutes the rate was 59.3 and the conduction time o.13 to o.14 of a second. In 29 minutes, morphin sulphate, 16 mg., was again injected. The rate rose at first to 91.6 and the conduction time fell to o.I to o.II, but in 45 minutes (16 after the second injection) the rate had again fallen to 53.1, the conduction time remaining unchanged. A third injection of morphin sulphate, 16 mg., was injected 49 minutes after the first one, but the rate and conduction remained unchanged (49.2 and o.I to o.II of a second). Atropin sulphate was then given intravenously and the rate rose within a minute to 193.3 and the conduction time fell to o.09 .
Feb. 17. Second experiment. The rate of the heart was 145.8 and the conduction time o.09 of a second. Morphin sulphate, 40 mg., was injected. In 2 minutes the rate fell to 89 and the conduction time was o.I to o.II. In 2½ minutes there were 4o auricular and 50 ventricular systoles. Most of the ventricular contractions arose in the wall of the right ventricle and were independent of the auricular beats. Some of the ventricular beats, however, resulted from stimuli arisingin the auricles. The conduction time in such cycles was o.16 to o.18 of a second. In 25 minutes the auricular rate was 37.12 and the ventrlcular rate was 52.3. A few auricular contractions were followed by ventricular beats at intervals varying from o.16 to 0.2o of a second. Except for these, there was As-Vs dissociation. In 39 minutes the auricular rate was 28.5 and the ventricular 48.4. Groups of normal cycles appeared, the conduction time in which was o.12 to o.13 of a second. After this (in 139 minutes) the rhythm returned to normal. The auricular rhythm throughout was very irregular.
Summary.--In the first experiment the rate fell during anesthesia. After excision of the right vagus nerve and the cessation of the anesthetic the rate rose. Morphin slowed the rate and increased the conduction time. Subsequent injections of morphin produced very little further slowing in rate and left the conduction time normal. Atropin raised the rate promptly and reduced the conduction time very slightly. In the second experiment morphin slowed the auricular rate. The circulation was maintained in part by independent beats of the ventricles, the impulse to contraction arising in the right side of the heart. When an auricular contraction gave rise to one in the ventricles, the interval between the two was increased. The degree of block over the conduction system obviously varied; at times the propagation of impulses was merely delayed, at other times it was entirely stopped, so that auricular contractions, even when they /ell in suitable portions of diastole, failed to elicit ventrlcular responses.
Diseussion.--In no other left vagus dog was so low an auricular rate reached (table I) . In such cases differentiation from right vagus dogs would be impossible, were it not for the marked increase in conduction time found in this dog. In the one right vagus dog in which the conduction time was as high, the auricular rate fell to 4 and so prevented a confusion.
Experiment 7o4.--Left vagus dog; female.
Alfred E. Cohn. 727 Jan. 31, 1913 . Weight 9.2 kilos. The rate was 93.6 and the conduction time o.I of a second. Morphin sulphate, 24 rag., was injected and in 3 minutes a rhythm characteristic of morphin poisoning was established. In 15 minutes the auricular rate was 28. 9 and the ventricular rate was 60. There were a number of cycles in which auricular beats were followed by ventricular ones. The conduction time in them varied between o.12 and o.14 of a second. Ether was administered, but the arhythmia continued. The rate of the auricular beats was 51.8 and of the ventricular 77.6. The normal cycles showed a conduction time of o.17 to o.19 of a second. An incision in the skin was made and directly afterward the normal rhythm was re6stablished. The curve now taken, 21 minutes after the injection of morphin, showed a rate of IIO.I and a conduction time of o.13 of a second. A part (2 cm.) of the right vagus nerve was excised. The anesthesia and the operation ended. In 32 minutes (I minute after the end of the operation) the heart rate was 15o and the conduction time o.I to o.1I of a second; the rhythm was normal. In 63 minutes (32 minutes after the operation) an arhythmia appeared, but its nature differed from that seen before operation. It consisted in incomplete heart-block at a ratio of 2:I. The blocks occurred after a succession of cycles in which the coSrdination was normal, but the conduction was prolonged from o.12 to o.I8. The conduction time in the cycle before the blocked auricular contraction showed the longest interval. This rhythm continued for 123 minutes after the end of the operation. The rate was 95.5 and the conduction time o.II to o.18 of a second. Morphin sulphate, 24 mg., was injected again. The rate rose to 114.2 and the conduction time was o.12 to o.I4 of a second. There were no blocked auricular beats, but these reappeared a minute later, the rate falling to 9 o. A third injection of morphin, 24 mg., was given 197 minutes after the first (166 minutes after the end of the operation), but produced no change in the rhythm. In 18 minutes morphin, 128 mg., was again injected and this time destroyed the arhythmia permanently. The rate was 124.3 and the conduction time o.I to o.II of a second, falling in 28 minutes to lO7.3, the conduction time being o.II of a second (table II) .
Summary.--Morphin caused a disordered rhythm which was destroyed after the skin incision for the excision of the right vagus nerve was made. A part of the right vagus nerve was excised and the operation ended. In half an hour after the operation, incomplete heart-block (2: I) developed and lengthened conduction time appeared. The rate of the auricles was the same as before morphin injection. Subsequent injections did not change the nature of the arhythmia. A final large dose destroyed it. The arhythmia was characteristic of that produced when the left vagus nerve is stimulated.
Experiment 7o5.--Left vagus dog; male. Weight 6.6 kilos.
Feb. 3, 1913 . Morphin sulphate, 24 rag., was injected, but resulted only in sinus irregularity. The experiment was discontinued.
Feb. 7-Second experiment. The rate was lO5.8 and the conduction time o.I to o.II of a second. Morphin sulphate, 24 rag., was injected. In 7 minutes the rate was 57.8 and the conduction time o.II to o.13 of a second. A few premature contractions arose in the wall of the right ventricle. In 18 minutes, morphin sulphate, 24 rag., was again injected. In 20 minutes (2 minutes after the second injection) the rate was 46 and the conduction time o.12 of a second. There were now many premature contractions arising in the same site as before. Summary.--Morphin caused characteristic arhythmia resembling the effect of stimulating the right more than left vagus nerve, except for the fact that conduction time, where it could be studied, was lengthened. After artificial respiration the arhythmia disappeared; the conduction time was still slightly lengthened. After the operation incomplete heart-block continued to be observed for I34 minutes after its onset. The arhythmia was characteristic of those observed when the left vagus nerve was stimulated.
Experiment 7o6.--Right vagus dog; male.
Feb. 3, 1913 . Weight 6.7 kilos. The rate was 86.3 and the conduction time was 0.08 to 0.09 of a second. An injection of morphin sulphate, 24 rag., raised the rate to 21o and lengthened the conduction time to o.I tO o.II of a second. In 5 minutes the rate fell to 99.3; the conduction time remained unchanged. In 13 minutes morphin, 24 mg., was again injected. The rate continued to fall, In 34 minutes the rate was 61.9. There were numerous ventricular contractions, some having their origin in the wall of the right and others in the wall of the left ventricle. The rate of these ventricular beats was the same as that of the auricles, but a relation between the two cannot be determined; they were beating in complete dissociation. Ether was then administered and in 38 minutes the auricular rate had fallen further to between 20 and 40, while the ventricular rate rose to lO3. 4. All the ventricular beats arose now in the wall of the left ventricle and were completely dissociated from the auricles. Two auricular beats were followed by normal ventricular beats at intervals of o.14 and o.16 of a second. After the skin incision (48 minutes after injection) the rate of the auricular beats rose to 57.1 and that of the ventricular beats was 93.7. The latter arose in the wall of the left ventricle, except one which was of normal outline and followed the preceding auricular contraction in o.18 of a second. The left vagus nerve was now dissected out (52 minutes after injection). The rate of the auricular systoles was then 73-5 and that of the ventricles lO7.4. As before, these arose in the wall of the left ventricle, except six cycles which were normal and had a conduction time of o.I to o.12 of a second. Part of the left vagus (2 cm.) nerve was now excised and the operation ended. The rate (58 minutes after injection) of the heart was now 14o and the conduction time 0.06 to 0.08 of a second. There was no arhythmia. In 134 minutes the rate was 126.9 and the conduction time 0.06 of a second. The rhythm remained normal.
Feb. 4, 1913 . Second experiment. The rate was 194.1 and the conduction time o.08 to 0.09 of a second. During the experiment, morphin sulphate, 96 rag., was injected. Slow sinus irregularity was produced, but no arhythmia occurred.
Feb. 6. Third experiment. The rate of the heart was 134.1 and the conduction time was o.I of a second. Morphin sulphate, 24 rag., was injected and in 5.minutes the rate of the auricular beats fell to approximately 5o. Their rhythm was irregular, consisting of groups of rapid beats associated with normal ventricular beats, the conduction time being o.I to o.12 of a second, and others at a slower rate. During the groups of slow beats, many premature ventricular contractions, arising in the wall. of the left ventricle, occurred. The rate of the ventricular beats was 91.1. In 35 minutes the rate of the auricular beats was 38.8 and that of the (left) ventricular beats 81.8, the latter dissociated from the auricular beats. There were 9 normal cycles in a rather long curve, the conduction time in these being o.14 to o.16. Morphin sulphate, 16 rag., was again injected. In 87 minutes the rate of the auricles fell to about IO and the ventricular beats to 75.3. All the latter arose in the wall of the left ventricle. One normal cycle was seen at this time, the conduction time being o.II of a second. The number of normal cycles then increased and in 158 minutes a normal rhythm was again restored.
Summary.--Before operation, morphin caused an arhythmia of a confused type. Neither anesthesia nor the trauma resulting from operation destroyed the arhythmia. After excision of the nerve the arhythmia disappeared. The arhythmia did not return on this day. The next day an attempt to produce the arhythmia failed. Two days later morphin slowed the rate of the auricles and an independent ventricular rhythm arose. When an auricular contraction was followed by a ventricular contraction, the conduction time was normal. The arhythmia was characteristic of those produced when the right vagus nerve is stimulated.
Experiment 7z5.--Right vagus dog; male. May 23, 1913. Weight 9.2 kilos. The heart rate was I26.5 and the conduction time o.14 of a second ( figure 14 ). An injection in an ear vein of morphin sulphate, 80 rag., in 2 minutes raised the auricular rate to 173.7 and reduced the conduction time to o.II of a second. After I7 minutes and again after 59 minutes, morphin sulphate, 72 rag. and 96 rag. (total, 248 rag.), was injected and no arhythmia was observed. The rate had fallen to 59 and the conduction time was o.12 of a second. Ether was administered 75 minutes after the first injection. An arhythmia now appeared; it consisted of an auriculoventricular dissociation, the auricular rate being about 70 and the ventricular rate 92.6. The ventricular contractions took their origin in the wall of the left ventricle ( figure 15 ). This rhythm continued a few minutes, but disappeared 9 minutes after it began (figure 16). The left carotid sheath had meanwhile been dissected out. The rate of the co/Srdinated heart was 136.6 and the conduction time o.12 of a second. 4 or 5 cm. of the left vagus nerve were excised. The heart rate was 171.1 and the conduction time o.II of a second. 67 minutes later (161 minutes after the first injection) the rate of the heart was 98.8 and the conduction time o.12 of a second. The experiment was discontinued.
June 5-Second experiment. The heart rate was 132.2 and the conduction time o.12 of a second. Morphin sulphate, 4o mg., was injected into an ear vein. In I minute the rate rose to 158.8 and the conduction time was o.I of a second. In 3 minutes the rate was lO7.O8 and the conduction time 0.09 to o.Ix of a second. In 5 minutes the auricular rate had fallen to 46 and the ventricular rate was 55.7. The rhythm of the auricles was irregular and the long delays were anticipated a number of times by premature ventricular contractions arising in the wall of the left ventricle. In the co6rdinated cycles the conduction time was o.12 to o.14 of a second. In 17 minutes the rate of the auricular beats had fallen to about 3o, while the ventricular rate was 61.4. These now arose in the wall of the right ventricle. Two sequential cycles which occurred at this time showed a conduction time of o.19 of a second. Observation of the galvanometer string at the time of operation failed to detect the nature of the arhythmia. A second injection of morphin sulphate, 32 rag., was therefore given 21 minutes after the first. It destroyed the arhythmia; the heart rate was lO8.4 and the conduction time o.12 of a second. In 2 minutes the arhythmia reappeared. The rate of the auricular beats was about 3o and that of the ventricular 67.1 (figure 17). The origin of the ventricular beats was in the wall of the right ventricle. Four sequential cycles which appeared at this time showed a conduction time of o.16 to o.18 of a second. One minute later (25 minutes after the first injection) five auricular beats occurred in 3 seconds, but after that no auricular systoles took place for 15 seconds (figure 18). The rate of the ventricular beats was 61. 9. Three normal cycles showed a conduction time of o.14 to o.16 of a second.
Summary.--When the dog was intact, morphin produced a rhythm characteristic of those seen when the left vagus nerve was stimulated. The arhythmia appeared only after the beginning of ether anesthesia. The production of the arhythmia, although two drugs were administered, was probably due to morphin. That it occurred after ether was given is probably accidental. The operative procedure destroyed the arhythmia. In a later experiment the arhythmia produced was characteristic of those observed when the right vagus nerve is stimulated, except .for the prolonged conduction time mentioned.
Experiment 7z8.--Left vagus dog; female.
May 29, 1913. Weight 7-5 kilos. The heart rate was lO7.5 and the conduction time o.II of a second. Morphin sulphate, 48 mg., was injected in an ear vein. In 2 minutes the rate was 173.75 and the conduction time o.I of a second. In 13 minutes the rate of the heart was 40 and the conduction time o.12 of a second. A minute later, the rate being 43.7, during the long intervals between the irregular auricular systoles, two left ventricular beats occurred. In 25 minutes the rate of the auricular beats was 60 and that of the ventricular beats 71.o3. There was pronounced sinus irregularity; in the long intervals between auricular beats, groups of two to four left ventricular beats occurred. The conduction time in the sequential cycles was o.13 of a second. 12 minutes later (37 minutes after the injection) the rhythm was regular and normal, the rate 39.6 and the conduction time o.13 of a second. During ether anesthesia, about 5 cm. of the right vagus nerve was excised. When the operation ended, 57 minutes after the injection, the rate of the heart was 123.3 and the conduction time o.I2 to o.I3 of a second. IO minutes later (67 minutes after the injection) the rate was 78.8 and the conduction time varied between o.12 and o.i8. There were now blocked auricular beats, forming an incomplete heart-block with a rhythm of 2: 1. This rhythm continued, the rate of the auricular beats remainir~g between 97 and lOO for about one hour (12o minutes after the injection) ; the conduction time varied between o.II and o.16 of a second.
Summary.--When the dog was intact, morphin produced an arhythmia. It was characteristic of the group in which the right vagus nerve was stimulated. Ether anesthesia destroyed the arhythmia, which had partly disappeared. Soon after the end of the experiment, in which the right vagus nerve was excised, an arhythmia again appeared, which was characteristic of those observed when the left vagus nerve was stimulated.
Experiment 719.--Left vagus dog; female.
June 9, 1913. Weight 9.1 kilos. The rate was ioo and the conduction time o.12 to o.14 of a second. Morphin sulphate, 32 rag., was injected into an ear vein. In I minute the rate rose to 245.6 and the conduction time fell to 0.08 of a second. In 3 minutes the rate was 112.6 and the conduction time o.12 of a second. One blocked auricular beat appeared. In 15 minutes the auricular rate fell to 64.2 and the ventricular to 53.8. In the sequential cycles the conduction time was o.12 to o.18 of a second. There were groups of left ventrieular beats dissociated from the auricular contractions. Ether was administered. The rhythm became normal, though the conduction time remained high, o.16 of a second. The rate was 97.4. One minute after the end of the operation (4 ° minutes after the injection of morphin) in which 3 cm. of the right vagus nerve were excised, the rate was 12o.8 and the conduction time o.I. 50 minutes later (90 after the injection) the rate was 114.8 and the conduction time o.I2 to o.16. Blocked auricular beats had been seen for some time, but one was now recorded. The rhythm was one of incomplete auriculoventricular dissociation, the ratio being 2: I. The number of blocked auricular beats increased and records of the arhythmia were obtained for 90 minutes (18o minutes after the injection). The rate of the auricular beats varied between lO7.1 and 12o.8 and the conduction time between o.I and o.18 of a second. The experiment was then discontinued.
Summary.--Morphin produced in the intact dog a characteristic arhythmia.
It resembled certain instances in which the left vagus nerve was stimulated. Anesthesia destroyed the arhythmia. After the end of the operation, an arhythmia reappeared, recognized as typical of those produced when the left vagus nerve is stimulated.
Experiment 72o.---Left vagus dog; male.
June IO, 1913 . Weight 7.8 kilos. The rate was 85.7 and the conduction time o.12 to o.14 of a second ( figure 19 ). Morphin sulphate, 32 rag., was injected into an ear vein. In I minute the rate was 200.8 and the conduction time o.I. In 3 minutes the rate fell to 48 and the conduction time was o.12 to o.13 of a second. In 5 minutes there were small groups of sequential cycles at the rate of lO9.8, showing a conduction time of o.I4 of a second, but the predominant rhythm was one of complete anriculoventricular dissociation, in which both auricles and ventricles beat at a rate of 34.5. Some of the ventricular beats arose in the right and others in the left ventricular wall. In 7 minutes the rate of the auricular beats was 30.3 and that of the ventricular beats 43-7. A few sequential cycles showed a conduction time of o.13 to o.15 of a second. All the ventricular beats arose in the left ventricle (figure 20). Under ether anesthesia, which lasted 2o minutes (from I4 to 34 minutes after injection), the auricular rate first fell to 20 and then rose to 65.7. The ventricular rate fell correspondingly to 36.5 and rose to 72.6. A few sequential cycles were recorded during this time, showing a conduction time varying between o.I6 and o.22 of a second. But with these few exceptions, all the ventricular beats were independent, dissociated from the auricular systoles, and arose, some in the right and others in the left ventricle. During the operation, 1.5 cm. of the right vagus nerve was excised. Directly after the end of the operation (36 minutes after injection) the rhythm was normal, the rate was I9O.6, and the conduction time o.n of a second, lO minutes after the operation (44 minutes after injection) the rate was I41.I and the conduction time o.I4 to o.I6. There was now incomplete auriculoventricular dissociation, the ratio being 2:1 This rhythm, varying between 2:1 and 3: I (figure 2i), was observed for 2 hours and 15 minutes (until 179 minutes after the injection). The rate for the first hour (44 to 94 minutes after the injection) varied between 126.3 and 136.3, and the conduction time between o.n and o.18 of a second. When the experiment was discontinued, the rate was 117.7, the conduction time o.13 to 0.22. In a short strip of curve, there were twelve examples of a 2: I rhythm and two of 22 I.
Summary.--In an intact dog morphin produced a characteristic rhythm, resembling that resulting from the stimulation of the right vagus nerve. Anesthesia destroyed this arhythmia. Soon after the end of the operation an arhythmia appeared again, but it was one characteristic of those produced when the left vagus nerve is stimulated.
Experiment 72L--Right vagus dog; female.
June II, 1913. Weight lO.4 kilos. Morphin, 32 rag., was injected, but no arhythmia was produced.
June 13. The rate was 23o and the conduction time o.o9 of a second. Morphin sulphate, 24 rag., was injected into an ear vein. In 12 and 25 minutes two additional injections, each of 24 rag., were made (total 72 rag.). In 55 minutes after the first injection the rate was 48. 7 and the conduction time o.14. There occurred in the intervals before delayed auricular systoles a number of left ventricular beats. In 58 minutes the rate of the auricular beats was 51.o8 and that of the ventricular beats 58.9. There were many left ventricular beats. Ether was administered and the arhythmia disappeared. The rate was lO2.4 and the conduction time o.13. In the operation 2 cm. of the left vagus nerve were excised. The rhythm remained normal, even though morphin, 40 rag., was injected 115 minutes after the first injection (23 minutes after the end of the operation). The experiment was discontinued, the rhythm still being normal 6o minutes later.
June 23. Second experiment. The rate was 232.3 and the conduction time o.08 of a second. Morphin sulphate, 32 rag., was injected in an ear vein. In 3 minutes the rate was 163.3 and the conduction time 0.o9 of a second. In 22 minutes morphin sulphate, 32 mg., was injected again and in 53 minutes (after the first injection) the rate was 49.6 and the conduction time o.12 to o.14 . In 58 minutes morphin, 32 rag., was injected again. An arhythmia was now pro-duced. In 73 minutes the rate of the auricular beats was 36.3 and that of the ventricular beats 45.4. In the sequential cycles the conduction time was o.II to o.I2 of a second. There were numerous left ventricular beats, independent of the auricular systoles. In I28 minutes the rhythm was normal.
Summary.--In the intact dog, an arhythmia characteristic of morphin intoxication was produced. It was characteristic rather of the rhythms produced when the right vagus nerve is stimulated. Ether anesthesia destroyed the arhythmla. Part of the left vagus nerve was excised. A later injection of morphin produced an arhythmia recognized as typical of those seen when the right vagus nerve is stimulated.
SUMMARY.
The effect of injecting morphin in right vagus dogs is to slow or practically to stop auricular systoles, the circulation being maintained by ectopic, independent, ventricular contractions. The function of conduction is, relatively speaking, undisturbed. The fact that after morphin injections there is little or no disturbance of conduction in righ t vagus dogs and a profound one in left vagus dogs may be used as a factor in distinguishing between them, especially when there is a reduction in rate greater than usual in left vagus dogs. The effect on left vagus dogs is to slow the rate of the auricles moderately and to increase the length of conduction, so that partial auriculoventricular block or complete auriculoventricular dissociation results. These are precisely the results that have been obtained by faradic stimulation of one vagus nerve, the other being divided. There are slight differences in the results obtained between the two methods, but the explanation for these is probably to be found in the differences in the nature of the experiments. When faradic stimulation is employed, the stimulus is applied a short time only,--in our experiments for periods not longer than ten seconds. The occurrence of the maximum effect is sudden and does not provide for a gradual introduction of the ventricles to new conditions. In right vagus stimulation the ventricles usually stop beating. A gradual introduction is, however, not always necessary, as may be seen in figures 5 and 5 of the paper (4) already quoted, where idioventricular rhythms began without delay. Another difference between the two methods is found in the degree of effect produced on stimulating the left vagus ; in the faradic method the change in conduction varies from mere lengthening to a condition so profound that complete dissociation results; these degrees have been described. The mor-phin method usually produces only incomplete dissociations. Twice only was complete dissociation produced.
The similarity between the results of the two methods is sufficiently close to render it likely that in obtaining them an identical mechanism in the heart is involved. It may, therefore, be concluded that the inconstant action of the vagus resulting from morphin injections, called "" u ngleichartig '" by Einthoven and Wieringa, appears so on account of the fact that the predominating effect of morphin may be exercised now on one and now on the opposite cardio-inhibitory system, and not, as was suggested, on account of a shifting of predominance from one to another of the fiber tracts in the vagi themselves. The explanation offered as the results of this series of experiments differs from theirs. The results obtaine( substantiate the conclusion reached in the former series, that the two vagi act differently. A fact relating to the mechanism of the right vagus nerve can now be added, from a .consideration of the cardiac mechanism in right vagus dogs, namely, that derangements in conduction result, to a very slight extent only, as the effect of the influence of the right vagus nerve Although no solution of the production of the extreme grades of sinus irregularity seen in morphin intoxication is offered, the failure of this rhythm to be converted into a more profound irregularity may be explained. There seems little doubt that the occasion for the occurrence of an independent ventricular rhythm in these experiments was due to the slowness of the auricular rate resulting from morphin injection. But in the cases of sinus irregularity (Nos. 683, 685, and 7oo), the rate of the auricles was never sufficiently low for the ventricles to initiate an independent rhythm. The lowest rates recorded in them were 66.3 (No. 683), 85.7 (No. 685), and 91.4 (No. 7oo) , and it appears that before an independent ventricular rhythm occurred in any of the experiments, the auricular rate had always fallen below 41 (Nos. 686, 688, 697, 698, 7o6, 715, and 721 ). On the other hand, the ventricular rates in the cases of sinus irregularity were higher than the highest idioventricular rates observed and no advantage could consequently have been gained by the onset of a new rhythm. No. 683 was an exception, but the rate in this case exceeded the idioventricular rates of all but Nos. 702 and 706 and was only I I.I beats below that of the highest recorded. Whether sinus irregularity itself is a morphin irregularity the result of a sino-auricular block, in the sense of Eyster and Meek, has already been discussed.
CONCLUSIONS.
From a consideration of the facts described in these experiments, the following statements are justified:
I. Morphin, when injected intravenously into dogs, causes a disordered rhythm, resulting from its action on the inhibitory apparatus. The arhythmia exhibits characteristics of both right and left vagus stimulation, and combinations of the two.
2. In dogs with a right vagus nerve only, the rhythm consists in a decided slowing of the rate of the auricles, and the development of an idioventricular rhythm.
3-In dogs with a left vagus nerve only, .the rhythm consists in moderate or no slowing of the auricular rate, and marked disturbance of conduction which sometimes leads to the occurrence of incomplete auriculoventricular block (2 :I and 3 :I). The disturbance in conduction is sometimes so great that no auricular impulses reach the ventricles, and these then develop their inherent rhythm in complete dissociation from the auricles. 4. A rhythm called a sinus irregularity also occurs. The mechanism producing this is not fully explained.
5. (a) The similarity of the rhythms produced by morphin in right vagus dogs and those caused by stimulating (electricall:~) the right vagus nerve, when the other vagus is cut, is complete.
(b) The similarity of the rhythms produced by morphin in left vagus dogs and those caused by stimulating (electrically) the left vagus nerve, when the other vagus is. cut, is also complete.
6. The disorder in the cardiac mechanism, described by Einthoven and Wieringa, finds a complete and simple explanation. In their experiments morphin acted either alternately on both inhibitory mechanisms or on the two in combination.
7-This series of experiments substantiates, by a method under conditions more nearly normal, the conclusions reached in a former FIG. 6. Dog 688. Jan. 9, I913. Taken after the injection of morphin in a right vagus dog. The auricular rate is 49. There is marked sinus irregularity. In the long interauricular pauses, ectopic ventricular contractions occur. Two of these are shown; the first is pure, the second deformed by an auricular beat. The conduction time in the sequential cycles is o . n to o.13 of a second. Fro. 7. Dog 688. Feb. 14, 1913 . Taken before the injection of morphin. It serves as a control. The rate is i27.2 and the conduction time o.II to o.12 of a second. FIG. 8 . Dog 688. Taken 22 minutes after the injection of morphin. The auricular rate is about 11, the ventricular 57: The positions of the auricular representatives are indicated by the asterisks. The ventricular complexes with which these deflections are associated do not show the small downward deviation seen at the beginning of the T wave of the other complexes. These small waves represent auricular beats due to retrograde stimuli from the ventricles. One sequential cycle is shown. Fig. 9 . Dog 688. Rates similar to those seen in figure 8 . The position of the auricular wave expected between the two at the ends of the curve is indicated by the anomalous shape of the ventricular complex marked * and by the absence of the downward deflection at the beginning of the T wave in this complex. A similar complex is recognized in the one before the last.
Fit. IO. Dog 698. Taken before the injection of morphin. The rate is 95.9 and the conduction time o.12 of a second. It serves as a control. 
